Background and aims: In children with ulcerative colitis, data on temporal colectomy trends and in-hospital post-colectomy complications are limited. Thus, we evaluated time trends in colectomy rates and post-colectomy complications in children with ulcerative colitis. Methods: We identified all children (≤ 18 years) with a diagnosis code of ulcerative colitis (ICD-9: 556.X) and a procedure code of colectomy in the Kids ' Inpatient Database for 1997 , 2003 . The incidence of colectomies for pediatric ulcerative colitis was calculated and Poisson regression analysis was performed to evaluate the change in colectomy rates. In-hospital postoperative complication rates were assessed and predictors for postoperative complications were evaluated using multivariate logistic regression. Results: The annual colectomy rate in pediatric ulcerative colitis was 0.43 per 100,000 person-years, which was stable throughout the study period (P N .05). Postoperative complications were experienced in 25%, with gastrointestinal (13%) and infectious (9.3%) being the most common. Postoperative complication rates increased significantly by an annual rate of 1.1% from 1997 to 2009 (P = .01). However, other independent predictors of postoperative complications were not identified.
Introduction
Ulcerative colitis (UC) is a chronic inflammatory condition of the colon that imparts a significant burden to patients and society. 1 A meta-analysis of population-based studies has shown that the 10-year risk of colectomy in children with UC is 22%. 2 Population-based time trend analyses of colectomy rates have shown that the 10-year risk of colectomy has decreased over the past several decades in adults. 2 However, similar studies in children are lacking. A small populationbased study of 30 children with UC who underwent a colectomy over a 27 year period reported a stable colectomy rate of 0.06 per 100,000 person-years. 3 In contrast, a study conducted in the same health region demonstrated that colectomy rates in adults significantly decreased by 4% per year over a 15-year period. 4 The difference in colectomy rates over time between children and adults may be due to earlier adoption and greater utilization of immunomodulators and/or biologics in adults with UC as compared to children. Alternatively, non-significant time trend results may be attributable to the smaller sample size of pediatric studies.
In children with UC, the reported incidence of in-hospital or early postoperative complications ranges between 30 and 55%, 3, [5] [6] [7] with infections (e.g., abscess formation) and gastrointestinal complications (e.g., bowel obstruction) being the most common. 3, 5, 6, 8 In contrast to the adult literature, pediatric studies have not reported mortality following colectomy for UC. 5, 6, 9, 10 One population-based study reported higher postoperative complication rates in children with emergency colectomy (90% vs 50%) and delayed colectomy of N 2 weeks after admission (60% vs 0%). 3 However, this study was restricted to one geographic area and limited by the small sample size.
Hence, the objective of the present study was to evaluate the nationwide colectomy rates and in-hospital complications following colectomy in children with UC in the United States (US), using the Kids' Inpatient Database (KID) from 1997 to 2009.
Materials and methods

Data source
The KID, part of the Healthcare Cost and Utilization Project (HCUP), is the largest all-payer pediatric inpatient database with 2 to 3 million pediatric discharges per year. Stratified random sampling is done to ensure that the database is representative of the US population and accounts for approximately 90% of all pediatric hospitalizations in US. 17 The database contains information on demographic characteristics, admission type (emergent, urgent or elective), up to 25 diagnostic and 15 procedure codes based on the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM), outcomes (length of stay and hospital charges), and hospital characteristics. 11 KID assigns individual-level discharge weights that allow estimation of national case rates and trends. It has been used to study hospitalization and surgical intestinal resection in pediatric IBD.
12,13
Study population
All discharges for children (≤ 18 years) with a diagnosis of UC (ICD-9-CM: 556.X) and a procedure code of colectomy (ICD-9-CM: 45. 8 3 and 86% of adults. To minimize misclassification with Crohn's disease, we excluded 25 discharges of patients who were coded with both UC and Crohn's disease (ICD-9-CM: 555.X).
Variables
Our primary factors of interest were the admission type and the number of preoperative days between admission and colectomy among emergently admitted patients. Admission type was categorized into emergent and urgent/elective as this was previously shown in a validation study to increase the specificity of identifying patients admitted for emergent colectomy.
14 An emergent admission refers to unplanned admissions to hospital for a serious medical condition. In contrast, elective and urgent admissions are both planned admissions with urgent admission referring to a medical condition that requires immediate attention for treatment.
Covariates included patients' age; sex; race/ethnicity (white or non-white); patients' residence (urban or rural); admission source (non-hospital or hospital transfer); health care insurance status (Private, Medicaid/Medicare, or other); hospital region (Northwest, Midwest, South or West); hospital location (urban or rural); hospital type [teaching or nonteaching; pediatric or non-pediatric (pediatric hospital is defined as either a children's hospital or a general hospital with a children's unit)]; hospital size (small, medium or large); and creation of pouch at time of colectomy. A year variable was included to indicate the year the data was collected to test for trends over time.
Outcomes
The primary outcomes were colectomy rates for pediatric UC and the in-hospital postoperative complications following colectomy. Postoperative complications were defined as unexpected medical events that occurred between the time of colectomy and discharge from the hospital. Postoperative complication was defined as one of the following: wound complication, infection, urinary, pulmonary, gastrointestinal, cardiovascular, complication during the surgical procedure, reopening of a recent laparotomy site, and death. The specific postoperative complications that compose each category and their corresponding ICD-9-CM codes are found in Appendix A. The postoperative complication codes have been previously validated. 14 2.5. Statistical analyses 2.5.1. Pediatric UC colectomy rates The annual colectomy rates in pediatric UC were calculated by dividing the annual total number of colectomies in children ≤ 18 years by the annual US population ≤ 18 years obtained from US Bureau of the Census. 15 The overall age and sex standardized annual colectomy rate was reported using the 2000 US Census population. The average annual percentage change in the colectomy rate from 1997 to 2009 was estimated using a generalized log-linear model that assumed a Poisson distribution. Poisson regression analysis was performed to evaluate the change in colectomy rates in pediatric UC. Age and sex were assessed as potential predictors of colectomy rates, and adjusted incidence rate ratios (IRRs) with 95% confidence interval (CI) were reported.
In-hospital postoperative complications
The proportion of patients with in-hospital postoperative complications was calculated. Logistic regression was performed to evaluate the change in postoperative complication rates over time. Association between study variables and postoperative complications following colectomy was assessed using the Pearson chi-square test to compare proportions and the Wilcoxon rank sum test for continuous variables, expressed as medians with first quartile (Q1) and third quartile (Q3). Multivariate logistic regression was performed to assess predictors of postoperative complications. Variables with P value ≤ .10 in the univariate analysis and preselected variables including age, sex, and admission type were included in the model, as emergency colectomy was found to be a strong predictor of in-hospital postoperative complications in a previous study. 3 A subgroup analysis was performed on the cohort of UC patients who had an emergency admission (n = 308). In this cohort, the number of days from admission to colectomy was assessed as a potential predictor of postoperative complications. This variable was a priori selected because a previous study identified time from admission to colectomy as a predictor of postoperative complications. 3 In a post-hoc sensitivity analysis, emergently admitted patients who had colectomy within the first two days of admission were excluded in an attempt to exclude those with fulminant colitis or complications such as toxic megacolon and bowel perforation. A sensitive analysis excluding children with UC with an urgent admission was performed to compare the postoperative complications among patients with emergent and elective admissions.
The primary outcome was in-hospital postoperative complications; whereas secondary outcomes of interest included the length of hospital stay and hospital charges per patient. Hospital charges per patient in US dollars were inflation adjusted to 2010 US dollars, using the US Consumer Price Index for Medical Care. 16 
Missing values
Variables with missing data values N 10% of the total cohort included race/ethnicity, admission type, duration between admission to colectomy and admission source. Postoperative complication rates among patients with and without missing values were compared to ensure that patients with and without missing values were similar with respect to their outcomes. The variable with N 20% missing data values, i.e. race/ethnicity, was not included in our primary multivariate analysis model, but was assessed in a subgroup analysis including only patients with information on race/ethnicity.
All statistical analyses were conducted using STATA version 11.0 (StataCorp LP, College Station, TX) to adjust for the complex sampling design of the KID.
17 P values less than .05 were considered to be statistically significant. All reported estimates were national estimates calculated using the statistical discharge weights unless otherwise noted. Data for cells ≤ 10 were presented as "≤ 10" as HCUP Data Use Agreement prohibits the presentation of data for cells ≤ 10. This research was approved by the University of Calgary's Conjoint Health Research Ethics Board.
Results
During the five study years, 1997, 2000, 2003, 2006 and 2009, a nationwide weighted estimate of 328 children with UC underwent colectomy in the US every year, giving a total of 1641 children during the five-year period. The baseline characteristics of the cohort are presented in Table 1 . The majority of patients were white (81%), lived in an urban area (82%), and had private health insurance (78%). The median age at colectomy was 14.3 years (Q1, Q3: 11.2 years, 16.2 years). The median length of stay was 9.4 days (Q1, Q3: 6.1 days, 17.3 days) and the median hospital charges were US $59,117 per patient (Q1, Q3: US $39,323, US $98,344).
Pediatric UC colectomy rates
The overall annual colectomy rate for pediatric UC in the US was 0. (Fig. 1) . The ageand sex-standardized annual colectomy rate for pediatric UC was 0.43 per 100,000 (95% CI: 0.40-0.45). After adjusting for age and sex, the UC colectomy rate remained relatively stable from 1997 to 2009 with an adjusted IRR of 1.01 (95% CI: 0.99-1.03; P = .25). The adjusted IRR for males compared to females was 0.91 (95% CI: 0.76-1.09) and the adjusted IRRs for age groups 5-9, 10-14 and 15-18 as compared to age group 0-4 were 2.51 (95% CI: 1.47-4.28), 7 .88 (95% CI: 4.88-12.7) and 15.8 (95% CI: 9.85-25.5), respectively.
In-hospital postoperative complications
In-hospital postoperative complications were experienced in 416 children (25%). The overall in-hospital postoperative complication rate was 25.3 (95% CI: 22.2-28.7) per 100 colectomies, ranging from 16.9 (95% CI: 11.1-24.9) in 1997 to 31.0 (95% CI: 25.7-36.9) in 2009 (Fig. 2) . The average annual postoperative complication rates increased significantly by 1.1% (P = .01) from 1997 to 2009. An in-hospital mortality rate of ≤0.6% was reported in this cohort. The exact number cannot be reported as HCUP Data Use Agreement prohibits the presentation of data for cells ≤10.
A total of 613 events were coded in 416 children with postoperative complications (Table 2 ). The most frequent Table 3) . In a subgroup analysis including only patients with information on race/ethnicity, race/ethnicity was not a significant predictor after adjusting for year, age, sex, and admission type [adjusted OR (non-white vs white) of 1.56; 95% CI: 0.95-2.55].
Among emergently admitted patients, the overall inhospital postoperative complication rate was 30.4 (95% CI: 24.0-37.7) per 100 colectomies. In this cohort, the time to colectomy following admission was an independent predictor of postoperative complications after adjusting for year, age and sex [adjusted OR (≤ 1 week vs N 1 week) of 2.44; 95% CI: 1.20-5.00] ( Table 3) . In a post-hoc sensitivity analysis excluding emergently admitted patients who had colectomy within the first two days of their admission time from admission to colectomy was no longer associated with postoperative complications (adjusted OR 2.22; 95% CI: 0.85-5.88; P = 0.10). In the sensitive analysis excluding UC patients with urgent admission, the admission type was not a significant predictor of postoperative complications after adjusting for year, age and sex (adjusted OR of 1.39; 95% CI: 0.95-2.03) ( Table 3 ).
Discussion
This is the largest population-based study to assess time trends in colectomy and in-hospital postoperative complication rates in children with UC. The annual incidence of colectomy in pediatric UC in the US has remained relatively stable over the past decade suggesting that advances in medical management including the increased utilization of immunomodulators and biologics have not resulted in a corresponding decrease in the colectomy rate in children with UC. This is consistent with the stable rates reported in a pediatric study conducted in Canada. 3 Several studies have shown that the risk of colectomy in children with UC is higher than compared to adults with UC. [18] [19] [20] At diagnosis children with UC often have greater disease extent (i.e. higher proportion of pancolitis at diagnosis) and disease severity when compared to adults diagnosed with UC, 21 which may contribute to a higher colectomy rate. Alternatively, children with UC may have had reduced access to anti-TNF therapy because infliximab approval in children with UC only occurred in 2011. A previous study demonstrated that infliximab utilization in adults for UC increased considerably after 2006 and that the rate of colectomy from 2006 to 2009 was nearly half the rate observed from 1997 to 2005. 4 In a Number of missing data: race/ethnicity (n = 395), patients' residence (n = 23), admission type (n = 201), admission source (n = 318), health insurance (n = 7), hospital location (n = 59), hospital type: teaching (n = 59) and pediatric (n = 87), hospital size (n = 59), and hospital charges per patient (n = 50).
b Analyses performed using actual count instead of statistical weights. the Active Ulcerative Colitis Trials (ACT 1 & 2) of adults with moderate to severe active UC, infliximab treatment was associated with a 7% absolute risk reduction of colectomy at one year. 22 However, a recent study in adults with UC showed that anti-TNF therapy was not associated with a decreased long-term risk of colectomy. 23 The effect of infliximab in reducing colectomy rates in pediatric UC patients should be evaluated in future studies.
The most common postoperative complications were gastrointestinal-related and infectious, which were similar to previously reported complications following colectomy in children with UC. 7, 8 Postoperative complications were associated with a significant burden to the healthcare system as evidence by longer length of stay and hospital charges per patient compared to those without postoperative complications. Postoperative mortality in this cohort was rare (≤ 0.6%) and considerably lower than the mortality rate (2.3%) reported in US adults using the Nationwide Inpatient Sample (NIS) database. 24 The lower mortality rate in children is likely due to the age difference and the absence of comorbidities that were predictors of in-hospital mortality in adults. 24, 25 In our cohort, the postoperative complication rates have significantly increased over the past decade. This observation is important because several studies have explored whether the increased utilization of salvage agents (e.g. cyclosporine and infliximab) are associated with increased risk of postoperative complications. Preoperative cyclosporine use was not associated with an increased post-colectomy complication in both children and adults with UC. 26, 27 A recent study in children with UC reported a higher postoperative complication rate in patients who received infliximab prior to ileal pouch anal anastomosis. 28 In contrast, preoperative infliximab use was not associated with increased risk of short-term postoperative complications in a meta-analysis of primarily adult UC patients. 29 Our cohort was limited by the lack of medications in the KID database and thus, the etiology of complication rates should be studied in a well-designed study that includes data on medication use prior to colectomy.
In contrast to previously reported predictors of postoperative complications including admission type 3,10,24 and insurance status, 24 these were not predictors of postoperative complications following colectomy in our pediatric cohort. In a subgroup of emergently admitted patients, the time from admission to colectomy was inversely associated with postoperative complications. This contradicted the results of our previous study in children 3 as well as those in adults 10, 24, 26 that reported a higher morbidity and mortality when colectomy was delayed. This may be due to the fact that emergently admitted patients who had colectomy shortly after admission (for example, due to fulminant colitis or complications such as toxic megacolon or bowel perforation) had greater disease severity and thus, more likely to experience a postoperative complication. This was explored in a post-hoc sensitivity analysis that excluded emergently admitted patients who had their colectomy within the first two days of their admission. In this sensitivity analysis, time from admission to colectomy was no longer associated with postoperative complications. This data should be interpreted cautiously as clinical data on the patients who had a colectomy within two days of admission were not available. Several limitations are inherent to the study. First, the KID database cannot determine the prevalence of children with UC. Due to the lack of nationwide data on the prevalence of UC in the US, we used the annual US population to calculate rates of colectomy in children overtime. Reports from regional areas in the US have shown a stable incidence and a slight increase in the prevalence of pediatrics UC in the US. 30, 31 Thus, our analysis may have overestimated the rates of colectomy in children with UC in areas in the US with prevalence rising faster than annual US population rates. Second, misclassification of the outcome and the exposure is possible in all studies using administrative databases. 32 Validation studies have shown that administrative data correctly identified UC patients who underwent colectomy. 3, 14 Postoperative complications have been assessed in multiple studies using administrative databases, 14, [33] [34] [35] and the positive predictive value of diagnostic codes for these complications has been shown to be higher than 80%. 14, 36 Third, some postoperative complication codes mix serious and less serious complications. For example, ICD-9 code 997.3 captures both postoperative pneumonia and atelectasis. However, prior validation studies have shown that administrative databases predominantly record serious postoperative complications that influence hospital stay.
14 Fourth, KID contains only discharge-level records, not patient-level records. This means that individual patients who are hospitalized multiple times would be recorded as separate patients in the KID database. However, this is unlikely to alter the result of the study given that colectomy is a definitive surgery. Because the KID database extracts data from discharge abstracts, this prevents investigators from following patient outcomes post-discharge and limits our study to in-hospital complications. Fifth, the study is limited by the lack of data on relevant clinical data such as disease extent and severity. We attempted to indirectly control for disease severity by stratifying our analysis by admission type (emergent versus urgent/elective). Finally, the database cannot be linked to a pharmacy database to allow us to evaluate the effect of medications such as corticosteroids, infliximab, and antibiotics on outcomes.
In conclusion, we used a nationwide population database to demonstrate an increase in postoperative complications despite a stable colectomy rate in children with UC over the past decade. Postoperative complications were associated with a significant burden to the healthcare with a longer length of stay and hospital charges per patient. Increase in postoperative complication rates over time may be due to increase use of salvage therapies prior to colectomy. To minimize postoperative complications, optimal management of UC requires close monitoring and timely decisions on colectomy. Finally, our data support future research to optimize the management of UC with goal to decrease colectomy rate and avoid postoperative complications following colectomy.
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